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ABSTRACT 
Some Aspects of Geochemistry and Mineralogy 
of Bear Lake Sediments, Utah-Idaho 
by 
Dean F. Davidson , Master of Science 
Utah State University , 1969 
Major Pr ofessor : Dr. Raymond L. Kerns, Jr . 
Department: Geo l ogy 
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Bear Lake is located in southeastern Idaho and north- central Ut ah . 
The lake has a maximum altitude of 5923 feet and an area of approximately 
110 square miles. Surrounding the lake are carbona tes, shales, and sands t ones 
of lower Paleozoic through middle Mesozoic ages. The many streams and springs 
that originate in these rocks are probably the main con tributors to the 
chemistry of the lake. Water from Bear River, which flows in to the north 
end of the l ake , also contributes to its chemistry. 
Quartz, aragonite, dolomite , calcite and clay minerals are the 
main minerals in the lake-bottom sediments. Quartz is generally the 
domi nant mineral in s hallow, shoreline areas , whereas aragonite is 
generally the dominant mineral in deep water. Dolomite occurs in patches 
near the shoreline along the west and south sides, whereas calcite is 
fairly evenly distributed throughout the lake. 
Grains of quartz are detrital in origin. Grains of dolomite and 
calcite are detrital in origin . Mud-sized aragonite is a primary 
precipitate that forms pseudoolites around detrital sand grains and 
lumps of mud- s ized particles. 
The solubility products of aragonite, calcite , and dolomite 
all are exceeded in the lake water, which, therefore, is supersaturated 
viii 
with r espect t o all three. Aragonite is more soluble than calcite in 
water , bu t chemical and mineral analyses show that mud-sized aragonite 
is precipitating directly from solutions in Bear Lake, whereas calcite 
apparently is not . Other workers have attributed the preferentia l 
precipitation of aragoni t e to the inhibition of calcite nucleation in 
the presence of a high Mg++/Ca++ ratio, a condition present in Bear 
Lake . Mud-sized calcite and dolomite may be forming syngenetically in 
the lake sediments as a resul t of inversion of aragoni t e t o calcite 
and subsequent replacement of calcite t o dolomite, or may be entirely 
detr ital in origin. 
(67 Pages) 
INTRODUCTION 
Gene r al Stat ement 
The sediment s a t the bo tt om of Bear Lake are i nfluenced by 
many differen t physical and chemi cal factors . Detr i t a l gr ains are 
washed into the l ake physical ly bv su r face runof f . Chemic~lly, 
the lake- bot t om sedi men t s are af f ec t ed by seve r a l f actors. The 
chemical composition of the r ocks surr ounding the lake basin pr obably 
has the gr eates t af f ect. Surface r unoff and groun d wate r passing 
th r ough these r ocks pi ck up ions of t he r ocks and carry t hem i n 
solution to the lake . This provides a con t i nuo us supply of ions 
into the l ake . Through evaporation these ions are concentra t ed . 
Also, the det r ital gr a i ns depos i ted i n the lake provide anothe r 
source of ion transfer to the lake water. Once the ion concentration 
has reached saturat ion, depending on temperature and pressure , 
deposition of the ions will begin unless inhibited by other factors. 
The objectives of this project were to determine the mineralo?,ical 
and chemical composition of the bottom sediments of Bear Lake. The 
distribution and origin of detrital phases and of primary precipitates 
was a primary objective . From the above information the chemical 
equilibrium or disequilibrium relationships of the wa t er in contact 
with the bottom sediments we r e determined with r espect to the major 
e l ements present. 
Geographic Location 
Bear Lake is located in the north-central part of Utah and the 
sou theaste rn corne r of Idaho (Figure 1). Garden City, Utah, is 
si tuat ed near the middle of the west side of the lake; Laketown, Utah, 
lies just south of the lake; and Montpelier, Idaho, lies about 
14 miles north of the lake. The lake is accessible fr om the north by 
U.S. Highway 89 , through Montpelier, Idaho, and from the west by the 
same ruute, tltruugh Logan, Utah. The lake also is accessible from the 
east , f r om Kemme rer, Wyoming, by Utah State Highway 3, which joins 
U.S. Highway 89 at Garden City . 
The intersec tion of latitude 42° OO'N, longitude 111° 20'W occurs 
near the cen ter of Bear Lake. The lake lies in the northern part of 
the Randolph Quad rangle (Richardson , 1909), Utah, and in the southern 
part of the Montpelier Quadrangle (Mansfield, 1927), Idaho (Figure 1). 
The lake is approximate l y 19 miles long and 7.5 miles wide; the widest 
part of the lake occurs near the Utah-Idaho State Line. The surface 
area is approximately 110 square miles; the lake is bounded by 42 
miles of shoreline. The surface of the lake, which now is controlled 
artificially by a dam of t he Utah Power and Light Company, has a max-
imum altitude of 5923 feet and a minimum altitude of 5902 feet. The 
lake bottom slopes gently downward from t he south, west, and north 
sho relines toward the deepest spot, a little more than 200 feet deep, 
which is located 0.25 mile from the east shoreline and 0.5 mile north 
of South Eden delta (Figure 2). 
The eas tern side of the lake ts b~•nded by thP stePp w•st edg• of 
the Bear Lake Plateau and , in the northeast, by the southern foothills 
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Figure 1. Index map showing Bear Lake and localities mentioned 
in text, north-central Utah and southeastern Idaho. 
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of the Preuss Range . The west side of the lake is borde red by the 
eas tern f oo thills of the Bear River Range. 
Geologic Set t ing 
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Bear Lake occupies the sou t he rn hal f of Bear Lake Val l ey. The 
valley is due pa r t l y t o t he down fa ulting of the Bear Lake gr aben along 
the fa ults that fo rm its easte r n and western edges (Williams et al. 
1962). Scarplets along t he east side of the valley show the location 
of the bo rde r ing fault there, and i ndicate t he downward relative move-
ment of the block on t he west side . The Bannock th r ust zone (Armstrong 
and Cressman, 1963) has been mapped along the wes t side of Bear Lake 
Va l ley . The Bannock thrust zone is composed of the Paris thrust 
fault and n ume rous smaller fa ul t s which are visible northwest of the 
lake . Here the stratigraphic layers in the west are clearly thrust 
ove r the layers in the east . Directly west of the lake , a high-angle 
gr avi t y fault forms the west edge of the Bear Lake graben. 
The hills surrounding Bear Lake expose a thick section of Paleozoi c 
and lowe r Mesozoic rocks (Richa rdson, 1941). Exposed eas t of the lake 
is a rather complete section ranging from the Braze r Fo rmat ion of 
Mississ ippian age to the Twin Creek Formation of J urassic age. These 
units include limestones, dolos tones , shales, sandstones, and quartz-
ites . Farther north the Lodgepole Formation appears at the base of the 
sequence , and the Phosphoria Formation occurrs within the sequence. 
Covering much of the bedrock east and north of the lake ar e the Salt 
Lake and Wasatch Formations. 
In the Bear Rive r Range west of the lake , the sequence includes 
the Brigham Format i on and younger rocks, all of Cambrian age, thrust 
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over Paleozoic and lower Mesozoic rocks, including the Phosphoria 
Formation of Permian age. The yo unge r rocks beneath the thrust fault 
consis t of phosphate, chert, limestone, dolostone, shale, quartzite, 
and sandstone. A small section of the Triassic Thaynes Formation is 
exposed west of Paris, Idaho . The Salt Lake and Wasatch Formations cover 
many of these older rocks. Most of the land south of the lake is 
covered by Wasatch and Salt Lake Formations, except in the area of 
Laketown Canyon , where a nearly complete sequence of rocks, ranging 
from Ordovician to Jurassic in age , is eJ~posed. In the lower areas 
immediately surrounding the lake, especially in the north and south, 
a cove r of alluvium, colluvium, and lacustrine sediments forms the 
s urface. 
Along the steep fault-line scarp forming the east side of the 
valley, outcrops of limest one and sandstone provide material for 
large talus slopes . Four valleys cut across these rocks , and just 
west of the scarp streams in two of these valleys have built small 
deltas into the lake. West of the lake the Bear River Range rises 
mo r e gradually to altitudes above 9,000 feet; the range is cut by many 
small creeks that drain eastward into Bear Lake Valley. All of the 
lowland areas in Bear Lake Valley are quite flat and slope very gently 
northwa r d. 
The southwest part of Bear Lake Valley is marked by a north-
south trending r idge of quartzite of Brigham Formation which separates 
part of the lowland in the west from the rest of the valley. The 
remainder of the lowlands in the valley occupy the areas north of the 
lake for about 15 miles and south of the lake for 4 miles. These 
lowland areas contain shoreline features of three previous lake levels . 
The lake l evels from highest to lowest are named Willis Ranch, Garden 
City, and Lifton. The Willis Ranch shoreline occurs at 5948 feet at 
Idea l Beach (Figure 2). The Ga rden Ci t y shore line mar ks an intermediate 
stage nea r 5938 f eet, and exhibits a well-developed wave-cut terrace 
just south of Garden Ci ty. The Lifton shoreline marks the lowest stage, 
near 5929 feet, and can be traced most of the way a round the lake. 
An inlet cana l , Rainbow Canal, connects the Bear Rive r to the 
lake. Farther west, an outlet canal, on which is located the Ut ah 
Powe r and Light pump ing sta t ion, controls the water level of the lake . 
Other sources of water to the lake are the mountain streams, ground 
water , and direct precipitation. 
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Figure 2. Contour map showing base of Bear Lake and locations 
of samples along each transec t. Contour interval 25 feet. 
Losation of samples (west to east): 
Transect Samples 
A - A' 73 - 77 J - 83 s - 93 
B - B' 84 - 89 K - 82 T - 94 
c - C' 61 - 72 L - 80 u - 95 
D - D' 22 - 10 ~1 - 81 v - 96 
E - E ' 48 - 60 N - 79 " - 97 F - F ' 9 - 1 0 - 78 X - 98 
G - G' 32 - 23 p - 90 
H - H' 33 - 39 Q - 91 
I - I ' 47 - 41 R - 92 
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PREVIOUS WORK 
Kemmere r et a l. (1923) made the f irst study of Bear Lake, to 
determine the future possibilit ies of fish production in t he lake. 
The study i nc luded the first chemical analyses of the lake wat e r 
(Table 1 ) . 
10 
Hansfield (1927) summarized the stratigraphy and struct ure of 
the area surround ing Bear Lake Valley. Richardson (1909) mapped the 
geology of the Randolph Quadrangle, which includes Bear Lake Valle~ and 
i n 1941 discussed this map . 
Williams et al. (1961, 1962) and Williams (1956) studied the 
geomorphic effects of the Altithermal on Bear Lake and the surround i ng 
area . From f athomete r information and test holes, Williams et al . (1961) 
determined the lake- bot t om configuration and s ub-bo tt om st ructure 
at various locations in the lake and along the shoreline. He proposed 
that diastrophism lowered the valley , and thereby formed a closed 
basin in which fluvial and lacustrine sedi ments o f the Tertiary , 
Wasatch and Salt Lake Formations were depos ited. Later , Bea r Ri ve r 
flowed through this basin , and caused the f ormation of t he three 
s uccessive l y l ower lake levels dis c us s e d above . 
To date, most of the r esearch on Bear Lake has pert ained to the 
ecol ogy of the lake. Kemmerer et al. (1 923 ) f ound that water from 
Bear Lake cont ained a higher concentrat ion of magnes i um than calcium . 
They a l so fo und a rela tively high concent ration of z inc (0.18-0 . 80 ppm). 
HcConnell et al . (195 7) r eco rded only abo ut half the concent r ation of 
magnesi• un t ha t Kemme re r et al . (1923) had found. The drop of the 
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Table 1. Chemical analyses of water from Bear Lake, Utah-Idaho, 
and from two tributary streams . All figures in parts per million. a 
Date Kermnere.r 
and ~t al. Soils labb Soils lab Soils lab Soils lab 
Source (1923) (1923) (1952) (1952) (1952) 
Bear Lake Bear Lake 
Surface 200 ft. Inflow from Swan 
Loca tion Bear Lake Water depth Mud Lake Creek 
Ca 4 . 1 17 17 27 47 
Mg 152.0 78-87 87 95 13 
Na 66.3 23-4 7 28 54 4 
K 10 . 5 6-11 6 12 2 
Cl 78.5 53-57 57 58 
so4 96.8 71-78 78 75 
co3 74.45 13-18 18 0 
HC03 566.0 352- 381 352 467 
N03 0. 2 1.8 NH 4 0.48 P0
4 0 . 06 0.09 
To tal 1048.9 616-696 637 788 68 
a From McConnell, et al ., 1957, p. 30. 
busnA Soils Laboratory, USU campus 
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magnesium concent ration was at tr ib ut ed to progressive dilution resulting 
f r om influx of wa ter from Bear River. 
Hazzard (1935) recorded pH values of the lake water that ranged 
f rom 8.0 to 8. 5 , whereas Perry (1943) r eco rded va lues of 8 . 4 to 8 . 7. 
The l a t es t study, by McConnell et aZ . (1957, p. 29) showed pH values 
between 8 .4 and 8.6 . 
In 1951 the Wildlife Management Department of Utah Sta te Un i versity 
began resear ch pert aining to t he fish hist or y and population of the 
lake . Later, fede ral- aid progr ams to the Ut ah Fish and Game Department 
and to the Idaho Fish and Game Depar tment, s t imulated research r elated 
to f ish popula t ions and t he f uture possibilities of fishing in Bear 
Lake . In t his s tudy they made chemical ana lyses of the lake water 
(Table 1). 
Carozzi (1960, p. 242) has s tudied the deposi tional mechanisms 
f o r precipi t ating carbonates. Some of his effort was directed toward 
oOlites and their means of fo rmation. He defined oOlite as a sphe rical 
grain wi th two or more concentri c bands of carbonate, pseudoOlite as a 
spher ical grain surrounded by carbonate without concentric bands, and 
s uperficial oolite as a pseudoolite wi t h one concent ric band of 
carbonate. These pa r ticles a r e formed by local wat er agita tion which 
r olls them around on the lake bo ttom to form pseudoolites. SuperficJal 
oo lites are on ly rolled long enough for one band to form. 
Kuenen (1956, p. 351) studied the abrasion of detrital particles. 
His work indi cated that detrital grai ns of all sizes show a rounding 
effect as they a r e transported in streams. Al so , he showed that within 
the first one- third mile of s tream transport, pebbles chip to form sand-
sized gr ains, and the sand-sized grains will chip to form silt- and 
cl ay-sized grains. 
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SAMPLE COLLECTION 
This study involved the collection and analysis of 98 samples 
(Figure 2) . Nine transects were strategically placed so the entire 
lake would be represented. The selection of sample sites in each 
transect was based upon water depth and the steepness of the bottom. 
In the gently sloping western three-quarters of the lake the samples 
were taken at vertical intervals of 15 to 25 feet. The samples taken 
from the steep eastern slope were restricted to ve rtical intervals of 
approxima tely 30 to 50 feet. 
A boat fitted with a Bendix fathometer and a Pettersson grab 
sampler was used to obtain the samples. One end of each transect was 
begun a t a distinctive geographical point along the lake shore. From 
this po int a sighting was taken on a geographical point across the lake 
corresponding to the other end of the transect. The boat was kept on 
the transect by continuous sightings between these two points. By the 
use of the fathometer the location of the samples of each transect 
were then located on the topographic map of the bottom of the lake. 
The Pettersson grab sampler was connected by means of a steel cable 
300 feet long attached to a gas- powered winch mounted on the boat. 
The retrieved sample was removed from the sampler and placed in a 
water-tight plastic bag and carton for st or age and transport from the 
lake to the laboratory for analysis. Each sample was identified as 
t o location and depth as it was obtained. 
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EQUIPMENT 
X-Ray Diffraction Analysis 
X-ray diffraction da t a were obtained with a Si emens Crystal-
lof l ex IV genera t or, di ff ractome t e r , and r ecor ding panel. The dif-
fractometer was equipped with a 750-watt, copper-ta r get x-ray diffraction 
tube for the gene r ation of x- rays. The goniometer , wh i ch holds a flat 
slide, was scanned at a standard rate of 1 degree (29) per minute. A 
collimating slit size of 1 millimeter and a receiving slit of 0.2 
mil l imeter we r e used . A nickel filter selectively r educed the copper 
K- Br adiation, and the r eby enhanced the K-a radiation. Correct intensities, 
which were meas ured on a motor- driven paper chart, we r e obtained by 
a djustment of the baseline and peak-intensi t y measuring circuits. A 
porcelain mortar and pestle were used to reduce particle size of the 
samples for x-ray analyses . 
Differential Thermal Analysis 
Differential Thermal Analysis data were obtained from a Stone 
controlled atmospher e DTA (Model KA- H). Samples were all 
heated at 10 C per minute program rate t o a temperature of 1080 C. 
The inconel sample holder was used with a thermocouple made of a 
platinum-rhodium alloy. Helium was used as the purging gas and 
alumina was used as the inert standard for all samples. 
Particle- Size Analysis 
A Waring blender and a Bronwill Biosonik BP-III Ul trason i c 
cleane r we re used to disaggregate and dispe r se a ll the samples. 
Samples were s eparated with a stainless-steel set sieve int o t wo 
f r actions of less than and gr ea ter than 39 microns (4.75 ~ ) . 
Standard dr y sieves (brass), glasswar e, pipettes , and 1000 
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milliliter graduated cylinders were used f o r s ize fractionation. 
Distilled wate r was used as a dispersant. When samples could not be 
dispersed because of flocculation, they we r e put into dialysis tubing 
and suspended in distil l ed water . Weight measuremen ts we re carr ied 
out on a Mettler top-loading analytical balance accurat e to 0.01 
gram. All samples were dried in an oven a t temperature between 60 C 
and 80 C. 
Petrographic Analysis 
A Zeiss polarizing microscope (model R-POL), fitted with 2.5, 10, 
and 40X objectives and an 8X ocular, was used in the petrographic 
examination of t he samples taken f rom Bear Lake . The microscope was 
fitted with a light sources adjustable t o five intensities. 
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TECHNIQUES 
X-Ray Di ffraction Analysis 
The samples were prepared f or x-ray diff raction by drying in 
the oven and grinding to a size small enough to pass th r ough an so-
mesh (2.5 ¢) sieve . A powder- on-vaseline slide was prepared for each 
sample and subjected to x- ray diffractometry to determine the total 
mineralogy. Analysis for minerals present was done with the Bragg 
equation. 
In x-ray diffraction a diffracted beam of mutually reinforcing 
x-rays is used t o determine the crystallinity of each mineral. The 
incident angle (0) at which the monochromatic x-rays st rike and are 
diffracted f r om the crystal planes is determined f rom the Bragg 
equation (Cullity, 1967, p. 78-89) . 
A = 2d sin 0 (1) 
The wavelength (A) is the constant wavelength of the copper K-a 
r adiation given off from the x-ray tube. The individual distances 
(d) between t he atoms a re determined by use of the equation or a 
table relating the d-spacings and the diffraction angle 28. Since 
each mineral has a different structure, the d-spacings and c rystal-
linity can be used for accurate identification. 
The mineralogy of the fine-grained fraction was made through the 
use of Stokes' law (Pettijohn, 1957, p . 564) of settling velocities. 
The sample was put into solution so that the coarse material settled out. 
The dispersant with the suspended material was placed on a glass slide, 
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and oven dried. For more precise . ident if i ca tion of some of the clay 
minerals, the sedimented slide s were s olvat ed with ethylene glycol. 
The lattices of various clay minerals will abso rb ions in the sol-
vating solut ion to expand the d-spacings between the atoms and shift 
the peaks on the x-ray pattern to a lower position . 
Standard diff ractograms (Figure 3) of samples containing equal 
weigh t s of each mineral in the unkn own samples we re compared t o the 
diffractogr ams of the unknown samp l es for pe r cen tage de terminatjon . 
If the sample is r andomly oriented on the powder-on-vaseline slide, 
the intensity of the peaks on the diffractogram are proportional 
to the mine ral percentage (Cullity, 1967 , p . 132). The percentage of 
each of the mine rals present was fo und by comparing the ratio of the 
peak heights in the unknown sample to the peak heights in the standard 
samples (Table 2) . 
Figure 4 shows d i ffractog r ams of relatively pu r e samples of 
quartz, aragon it e , do l omite , and ca l cite; which were used as standard. 
The above t echnique was used on t he diff r actogram of Bear Lake samp l e 
No . 73 (Figure 5), to calculate 29 pe r cen t quar t z , 20 percent ar agonite, 
35 percent dolomi te, and 16 percent calcite wi th a probable er ror of 
+ 10 percent . 
The x-ray dif f rac t og ram was ruled so that an accurate measure-
ment of the intensity could be made. To check for e rror in the 
randomness of the sample on the slide, four diffractograms we r e made of 
the standard sample, e a ch with the slide rotated 90 degrees. An 
ave rage of the mos t in tense peak for each mineral was made . 
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Figure 3. X-ray diffractogram of a standard sample with equal 
weights of quartz (A), aragonite (B), dolomite (D), and calcite (C). 
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Figur e 4. X- r ay diff r actograms of standard samples of quartz (A) , 
aragonite (B), dolomite (C), and calcite (D). 
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Figure 5. X-ray diffractogram, samp le 73, which shows the mos t 
intense peaks of quartz (A), aragonite (B), dolomite (D), and calcite (C). 
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Table 2. Rat ios of the most intense peak heights for each mineral 
in the s t andard samp l es . 
Qua rt z 
6. 5 
1 . 5 
2 . 9 
Aragon i t e 
1 
1 
1 
Rat ios 
Dol omit e 
4.4 
1 
Dif f e r en t ia l The r mal An a lysis 
Ca l cite 
2.2 
1 
Differential the r ma l ana lys i s was used to compare wi t h the x-ray 
diffraction da t a fo r identi f i ca t ion and percen t age es tima t ion of the 
samples . St andard pa t terns of calcite, a ragonite , dolomite, siderite, 
and magnesite (Figure 6); and kaolinite, illite, and montmorillonite 
(Figure 7) were made for comparisons with unknowns. The samples were 
t r ansferred direct l y from the containers of sampl es sma l ler than 80-
mesh (2.5 ~ ) and put in t o the inconel samp l e holder. Each sample was 
heated at a rate of 10° per minute from 0 C to 1080 C. 
Particle-Size Analysis 
Eighteen samples were selected from the total number of samples 
for particle-size analysis . The lake was divided into six sectors; 
three sectors cove r ed the west-sloping bottom. Each sector was 
subdivided into three pa r ts with respect to the depth intervals: 1-50 feet , 
51-100 feet, and 101-150 feet, which varied so a t least t hree s amples 
fit into each category. The average mineralogy for the samples in 
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Figure 6. Standa rd DTA patterns of dolomite (A), magnesite (B), 
siderite (C), calcite (D), and aragonite (E). 
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Figure 7. Standard DTA patterns of illite (A), kaolinite (B), 
Na-montmorillonite (C), and Ca-montmorillonite (D). 
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51-100 feet, and 101-150 fe e t, which va r ied so a t least t hree samples 
fit into each category. The average mineralogy for the samples in 
each dep th interva l was calculat ed and the samp l e which represent ed 
the average mine r a l ogy picked for partic l e size ana l ysis. The miner-
alogy fo r all samp l es was within ~ 25 percent of the average fo r each 
depth interval except for five sampl e s where one mineral in each 
va ried gr ea t er than + 25 per cen t and sample No . 45 where two mine ral s 
varied greater than + 25 percent . The excess variat ioP was due to the 
small percentage of some minerals in the representative s amples. 
The r epresenta tive samples were di s aggrega t ed, and then sepa rat ed 
into fine and coarse fractions using a 400-mesh (4 . 75 ~ ) stainless-steel 
wet sieve. The fines were f ractiona t ed by pipette ana lysis accord ing 
t o St okes ' l aw f or settling ve l ocities. The Wentworth grade scale 
(Proposed first by Udden) as fo und in Folk (1965, p . 20) was used . 
The fine size f rac tionations were 4.75- 6 . 0, 6.0- 8.0, and >8 .0$ . 
The coarse portion was sepa rat ed by use of dry-sieve s and a rotap 
s i eve shake r for a period of five minut es . The coarse size 
f r ac tionat ions were 4.75- 4 . 25, 4.25- 3 . 5 , 3.5 - 3 . 0, 3.0- 2 . 5, 
2 . 5 - 2.0 , 2.0- 1. 5 , 1.5- 1.0 , and <1 . 0$ . All samples were oven 
dr ied at 60- 80 C. 
Petrogr aphic Analysis 
Petrogr aphic ana l ysis was made of six representative samples 
selec ted because of their location, mineral con t ent, and depth. 
The s lides we r e prepa r ed by mixing enough of the sample s o as not 
to overlap grains in epoxy glue on paper. The samples were ground 
t o a thi ckness of 0.03 millime t er as determined by the characteristic 
yellow biref ringence of the quartz gr ains through the petro-
graphic microscope. 
DATA 
Pa r ticle-Size Distrib ution 
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Ei ghteen sampl es we r e se l ected in order to correlate the parti cle 
size with the mine ralogy, rather than t o determine t he particle-size 
distribution of sediments i n each sector . Along the wes t side of 
the lake the mode pa rticle-size in each sample selec t ed decreases fro m 
coar se-sand size (0.0- 1 . 0~ ) near the shore a t a dep th of 5 to 15 f ee t 
to coarse-silt size (4 .0- 5 .0¢) at a depth of 25 to 40 feet within a 
short distance f rom shore. The part i c l e size on the east side of the 
l ake r anges from coarse-sand size near shore at a dept h of 25 feet 
to c l ay size (8.0-14 . 0 ~ ) at a depth of 186 feet. 
The mode particle-size t e sted is in the coarse to medium- sil t 
range (4.0- 6 . 0¢) , and is found in samples from depth of 25 to 186 
feet. This size f r ac tionation occurred in 12 out of the 18 samp l es 
tested, and included 17 to 65 percent of the dry sample weight. The 
par ticle-s i ze ana lyses indicate tha t clay-sized part i c l es compose 3 
to 18 percent of the sample-weight in samples from 25 to 80 feet deep 
and 24 to 50 percent of the samples f r om 80 to 186 feet deep. Histograms 
showing a ll particle-size distributions are represented in Appendix C. 
Pa rt icle-Type Location 
Pe trographic analysis of the part icles on the lake bott om shows 
t ha t quartz , calcite, and /or dolomite, clay-sized particles, shells 
and she ll fragments of det rit al origin, and oolitic gr ains with 
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an a ragoni t e coating, are present. The detrital particles predominate 
in shallower depth s near the shoreline. The clay-sized particles-
which are both c rystall ine and amo r phous, predominate in deeper parts 
of the l ake near the cente r and east sides, although they are f ound 
in the shallow wate r samples as we ll. Shells of Carinfex newberryi 
Lea are found on the lake bo ttom in the northern one-fourth of the lake 
and along the eastern and southe r n sho r e line down to a depth of 65 
feet . Sphaerium mormonicum Sowerby is f ound i n the bottnm sediments 
wes t o f the Nor th Eden delta. X-ray diff r act i on shows that 
these s hells are made entirely of aragonite. 
OOliti c grains occur in highest concentrations in depths of 
5 to 15 feet on the wes t side of the lake. These o~litic gr a ins range 
i n size from 0. 25 to 1.0 millimeter, and occur deepe r than 15 feet . 
The s hallower sediments on the east side of the l ake generally contain 
very few oOlitic grains. 
Mine r alogy 
The major minerals in the sediments of Bea r Lake are quartz, 
a r agonite, do l omite , and calcite . Petrograph i c analys is shows that 
grains of quar tz, dolomite, and calcite a re of det rital origin . Al so, 
mud-sized aragonite is a pr imary precipitate in origin in the form o f 
pseudoolites around detri tal nuclei of quartz, calcite and/or dolomite . 
Dolomite, calcite , and aragonit e also occur in clay-sized particles. 
Most samples con tain all four minerals in which quartz and 
aragonite gene r ally domina t e particular geographic locations in the 
l ake . When a sample cont ains 40 per cen t of one mineral, that mineral 
I! 
li 
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was considered the dominant mineral of the sample . By use of this 
criterion it was found that quartz dominates the shallow water areas, 
whereas aragonite dominates the deeper water areas. 
Figur e 8 shows locations where quartz and aragonite are the dom-
inant minerals in sediments on the lake bottom . Quartz occurs between 
0 and 2 miles f rom the shore in sectors 3, 4, 5, and 6 . It is the 
dominant mineral down to an average depth of about 80 feet on the west 
side of the lake, and it is dominant down t o an average depth of 155 
feet on the east side of the lake, when the level of the lake is at 
5923 feet eleva tion. Quartz shares the dominant role with aragonite 
in the north end of the lake. 
Aragonite is the dominant mineral from the boundary of quartz 
dominance to the deepest parts of the lake. The relative importance 
of aragonite increases with depth to greater than 80 percent in some 
samples . This can be seen by following the quartz and aragonite 
percentages in successive samples of the transects in Figure 3, 
wherein the dominant mineral changes gradually from quartz to aragonite . 
On the east side of the lake where the bottom slope is steep and 
the samples of the transects are close together, the change from 
quart z to aragonite appear to be sharp . doweve r, it is possible the 
samples were taken too far apart in depth relation to show a gradual 
change from quartz dominance to aragonite. 
Dolomite occurs in the western parts of sectors 3 and 6 and in 
the southern part of sector 6 . These areas range in depth from 0 to 
105 feet , and the amount of dolomite varies from 6 to 35 percent in 
the samples. The highest percentages of dolomite generally occur 
closest to shore. In the southeastern corner of sector 1, between 40 
and 125 feet , the samples contain 3 to 4 percent dolomite. 
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Figure 8. Map of Bear Lake showing sectors of the lake and 
gene r a l loca t ions of : quartz (Q) and aragonite (A) dominance,and 
dolomite (D) occurrence . 
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Calcite is found in the sediments throughout the entire lake. 
\lith few exceptions , the amount of calcite ranges from 5 to 22 per-
cent, with an overall average of 13 percent. 
The clay minerals present in the sediments, identified by x-ray 
diffraction, are mixed-layered illite- montmorillonite, kaolinite, and 
some unknown smectites . Mixed- layered illite-montmorillonite and kaolinite 
commonly occur near the shoreline along the west, south, and east 
sides. As indicated by t he diffractograms, they are the m0st abundant 
clay minerals present. The smectites and mixed- layered illite-mont-
morillonite were present in samples collected near · the South · Eden 
delta , and appear to be present at several other creek mouths. However, 
the amoun t s present were insufficient for accurate identification. 
36 
INTERPRETATION 
Particl e- Size Distribution 
The particle-size distribution is a function of the partic l e 
sizes available, the energy of the ·•a ter, and the steepness of the 
lake bottom . Sizes ranging from clay to small gravel occur in streams 
that drain into the east side of the l ake . The larger par ticles are 
deposited in shallower depths under the influence of higher energy, 
whereas the fine- grained particles are deposited in greater depths 
where low ene r gy predominates. The deposition of the particles also 
depends on the steepness of t he bottom slope in the lake. Les ser 
energy is required to move larger particles down a s teep slope into 
greater depths. Therefore, the gr ain size is coarser in greater 
depths along the steep eastern side than along the mo r e gentle north, 
south, and west s i des . This is att ributed to the wa ter agitation 
exist ing at shallower depths, '.JO rking through the process of selective 
sorting to distribute the particles according to size , weight, and the 
energy of the water enviornment. 
Mineralogy 
Quartz is detrital in origin (Figure 9). It is most likely derived 
from quartzite in the Nugge t Formation in the east and in the 
Brigham Formation i n the wes t, and then transported to the lake by 
streams. The quartz is generally of a coarse- sand size, and therefore 
is deposited in shallow water . 
Sand- sized part i cles (<2.0~) of calcite and dolomite in 
the lake- bot t om sediments are definitely detrital in origin (Figures ll 
and 12). The detrital particles of calcite and dolomite exh i bit 
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Figure 9 . Pho tomicrograph showing a detrital grain of quartz 
surrounded by an aragonite coating with mud impurities . 
Figure 10. Photomicrograph showing a detrital grain of 
quartz surrounded by an aragonite coating with mud impurities. 
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Figure 11. Photomicrograph of detrital grain of calci te or 
dolomite, showing rhombohedral cleavage, surrounded by an aragonite 
coating and mud impurities. 
Figure 12 . Photomicrograph showing a strained detrital grain of 
dolomite, surrounded by an aragonite coating with mud impurities . 
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rhombohedral cleavage in thin section. These partic les as \Jell as 
quartz particles are rounded, probably becaus e of abrasion during 
transport. A coating or aragonite with mud impurities surrounds th e 
detrital grains and makes discrimination bet\Jeen calcite and dolomite 
difficult. However, x- ray diffraction of pseudoolitic particles 
with only carbonate nuclei shows high percentages both of calcite and 
dolomite as well as aragonite, \Jhich is present in the coating. Many 
of the rocks surroonding the lake are composed of calci t e and dolomite, 
and these rocks are likely sour ces fo r such detrital material. 
Deposi ted with the detrital grains of quartz, dolomite , and 
calcite on the lake bottom is a calcareous ooze which consists of 
clay-sized particles (<S.O <j> ), both crystalline and amorphous. This 
calcareous ooze or mud was considered to have three possible origins: 
detrital, primary precipitate, and mud-sized particles dislodged from 
detrital material with the Biosonik III disaggregator. Origin from 
the Biosonik III disaggregator was rejected because an attempt to 
disaggrega te detrital carbonate grains that had been washed \Jell but 
not agita ted or abraded, resulted in loss of less than 0.01 percent 
of the total t;eight of the sample. The shallow-water lake samples 
contain 3 to 4 percent of this · calcareous ooze , so that this potential 
origin of clay-sized particles is clearly inadequate. 
Analysis of the mud by x-ray diffraction shat;ed the crystalline 
part to consist of dolomite, calcite, and aragonite~ Detrital origin, 
a distinct possibility for dolomite and calcite because of availability 
in surrounding source rocks, could result from J;Yeathering and from 
abrasion during stream transport of the grains. Kuenen (1956 , p. 351) 
noted that abrasion of s and-sized particles produced c lay-sized chips 
during the first one-third mile of simulated stream transport. 
Lingho l m (1969, p. 1037-1038) discussed wind as an additional 
potential source of fine grains ( -2.0 - 2.0~) . 
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The aragonite present in the mud results from direct precipitation 
of the Caco3 , most likely in the shallower depths. X- ray diffraction shows 
aragonite to be present in most of the clay- sized particles found on 
th e lake bottom. 
Petrographir ~nalysis shows t hat aragonite is deposited from 
solution as mud-sized particles that form pseudoolites arid superficial 
oolites (Carozzi, 1960, p. 242- 243 ) around detrital nuclei of quart z, 
do l omi t e , and calcite (Figure 10). The coatings of aragonite 
consistof grains smaller than 10~ were identified by x-ray diffraction. 
Graf and Lamar (1950, p. 2322) described ·oolites of southern Illinois 
as having calcite coatings and containing mud impurities. 
Chemical conditions based on activity-product calculations, 
indicate that the lake water is supersaturated with respect to 
a ragonite , calcite , and dolomite. Precipitation of aragonite · that 
fo rms pseudoolites verifies tha t primary precipitation of · a r agonite is 
happening . Therefore, some of the calcite and dolomite · i n · the clay-
s i zed frac tion could result from primary · precipitation · or perhaps by 
syngenetic alteration . Conversely, they · may be entirely · detrital in 
origin. If the mud impurities are detrital in origin, they can be 
explained by incorporation within the grain · coatings, together with 
aragonite , as the nucleus grains roll around in the calcareous ooze 
on the lake bottom . 
I! 
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There is also the poss ib i lity that dolomite and ca l cite a re 
precipitating direc tly out of solution and not by al teration ·of · aragonite 
or by de trital means. However, a ragonite is precipitating from solution 
and not by alteration of aragonite or by detrital means . However, 
a ragonite is precipi t ating from solution which i nhibites the direct 
pr ecipitation of calcite . Monagham and Lytle (1956) found that a high 
concentration of magnesium in a f r esh- water environment will cause 
aragonite to pr ecipi tate in place of ca l cite . Dolomite has never 
been proved to precipitate directly from solution, and should precipi tate 
in the rhombohedra l form. No rhombs of dolomite we r e f ound in the samples 
f r om Bear Lake. Theoretically, chemical conditions in the lake wa t er 
are present for the precipitation of calcite and dolomite, but no 
de f init e proof is available that precipitation is occurring a t the 
present time . 
X- ray diffraction of only the pseudoolites, without separation 
of t he nuclei from the outer coating , shows cal cite and dolomite are 
present; but this could eas ily r esult from det r ital nuclei part i cles . 
If calci t e and dolomite are precipitating, they are smaller than one 
micron (10~) , and therefore, cannot be identified with the microscope. 
Plots of the percent calcite versus percent dolomite, and versus 
percent aragoni t e are r andom , and indicate no apparent relation between 
the occurrence of calcite, the occurrence of dolomite , and the 
occurrence of aragonite. Therefore , origin of mud- sized calcite and 
dolomite by alteration from primary a r agoni t e is not suppor terl by 
availab l e miner alogic data o r by pet r ographic analyses. nevertheless , 
i t may be occurring . 
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The clay-mineral content of the Bear Lake sediments may still be 
in a developmental stage. Most of the clay-sized material i s amo rphous; 
therefore, it cannot be analyzed successfully for mineral content . 
Whether the amorphous mud enhances au thigenic growth of the clay 
minerals or whether the clay mine r a ls are detrital is not definitely 
known . The concent r at ion of the c l ay minerals in the near-shore 
environment suggests a detrita l origin. However , the small size 
of the cl~y par t ic l es makes their origin difficult t o interpret . 
l i 
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THEORETICAL CONDITIO~;s FOR PRECIPITATION OF ARAGONI TE , 
CALCITE , AND DOLOMITE 
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The actual solubility of calcium, magnesium, and carbonate ions 
in a solution depends up on the quantity and the type of the other 
ions present in the solution. In an electrolytic solution the posi -
tive calcium and magnesium ions are surrounded by many polar wa t e r 
molecules with their negative ends pointed toward the calcium ions. 
The negative carbonate ions are in the reve rse situation, \·lith the 
pos itive side of the polar water molecules pointed toward them . The 
water molecules as wel l as the other ions in solution tend to form 
a shield around calcium magnes ium, and carbonate ions to prevent 
them from r eac ting together and precipitation out of solution. The 
higher the molari ty or concentration of other ions in th e solution , 
the larger the shield, and therefore, the greater the solubility of 
the ions in the solution (Krauskopf, 1967, p. 71) . 
A meaningful statement o f solubility may be derive d f r om t he 
expression of concentra tion in terms of i onic st rength . The ionic 
strength is defined as 
I 
( 2 ) 
In th e equation ..£ is the concentration of an ion in moles per li t er 
and~ is its charge, with the sum taken over al l the ions i n solution 
(Krauskopf, 1967, p. 71). The equation s hows t ha t the i onic st r ength 
is greater for multivalent ions in a complex solution . The equation 
a lso gives an accurate measure of t he effect of ele ctroly t es on 
s olubility of all ions present. 
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The solubility product of a solid is the amount that can be 
dissolved in a pure solvent . Since there are many different ions in 
an electrolyte the activity and activity coefficient are used instead 
of the solubility pr oducts. They are related to the concentration of 
an ion by the formula 
(3) 
where a is the activity snd y is the activity coefficient of ion 
(i). The parentheses denote concentration of ions (i) . The activity 
of an ion is an expression of the effective concentration, the part of 
its analytical concentration that determines its behavior toward 
o ther ions with which it may react (Krauskopf, 1967, p. 73). As 
the ionic strengt h of the ions in the solution increases, the activity 
coefficient of the ions in the solution decreases . The activity of a 
solution is also dependent upon the charge and sign of the ion 
(valence). 
The acti vity product is the product of the separ ate activities 
of each ion in a molecule that is dissolved in the solution (Krauskopf, 
1967, p. 72). The activity product of eaeo 3 is rela t ed to the 
solubility product by the following expressions: 
Ksp = (ea++) (eO'j) 
Yea++ Yeo= (ea++)(eO)l 
3 
(4) 
( 5 ) 
(6) 
(7) 
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The determination of y can be accomplished by use of the 
Debye-Hucke l theory wh ich r egards the ions as point centers in a 
medium where the dielec t ic constant is equa l to that of a pure solvent 
(Krauskopf , 1967, p. 74) . The theory is expressed by the formula 
- logy = Az2r~ (8) 
where A is a predetermined constan t of approximately 0.519 in water 
at 25 c. 
The activity produc ts of a r agonite, calcite , and dolomite 
calculated f or Bear Lake water i ndicat e that the solution is over-
saturated with respect t o all three, and that Ca++, Mg++, and CO) 
should precipita t e . The solubility products of calcite, aragonite , 
and dolomite are 4.5 x 10-9 , 6 . 0 x 10- 9 , and l0- 15 to l0- 19 respectively 
(Garrels et al ., 1960). The activity products for calcite and 
aragonite both are 4.14 x 10-8 , and the activity product for dolomite 
is 2 . 38 x l0- 14 . l<hen the activi t y products are compared to the 
solubility pr oducts of their respective compounds it is found that the 
solubility pr oduct is exceeded by 7 times for aragonite, 9 times for 
calcite, and mo r e than 2000 times for dolomite if the average and more 
common value of l0- 17 is us ed as the solubility product for dolomite 
(Appendix D). 
The above discussion account s for all the ions in Bear Lake determined 
by chemi cal analys is (Appendix D). TheCa++/ Mg++ ratio for fresh 
wat er l akes is generally about 2 to 1; but the Ca++/ Hg++ ratio in 
Bear Lake is 1 to 5 (Table 1). In each case the activity constant 
shows t hat the solution is oversaturated with calcium , magnesium, and 
carbonat e ions t o s uch an ex t ent that aragonite could precipitate 
from solut ion, and change to calcite through inversion, and from 
calcite to dolomite by replacement. 
1: 
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Theore ti cal l y when CaC03 pr ecipitates out of solution, it should 
precipitate as calcite because calcite is not as soluble as aragonite 
in solution. Monagham and Lytle (1956) showed that when the magnesium 
content in a solution is high in rela tionship to the calcium content , 
ar agonite will precipita t e. Appa rently, the magnesium ions inhibi t 
the nuclea tion of the calcium ions in ca l c ite ; there fore, causing the 
a r agonite t o precipi t ate from solution. This situation agrees with 
the chemical conditions and i nferred r eactions occurring in Bear Lake. 
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CONCLUSION 
The majority of the minerals deposited in Bear Lake are detrital. 
Detrital quartz, dolomite, and calcite are deposited by weathering and 
erosion of rocks surrounding the lake. The detrital particles range 
from coarse- sand size (0.0-1.0¢) to clay size (8 . 0¢). Also, aragonite 
makes up fossil shells and shell fragments of sand size found on the 
lake bottom. 
On the basis of their conc entration near shore, most particles in 
the clay-sized range probably originate from attrition of larger 
particles during their transport to the lake; however, some of the 
clay minerals may form by alteration of crystalline and amorphous 
mud. In addition to these, clay-sized fractionation of the mud is 
composed of aragonite, dolomite, and calcite. The aragonite forms by 
direct precipitation of mud-sized particles on the lake bottom; these 
form coatings around detrital grains. The dolomite and calcite 
may be detrital, primary precipiate, or syngenetic alteration products. 
Definite proof of the origin of mud-sized calcite and dolomite was 
not obtained, but a detrital origin is favored, even though conditions 
are favorable for both precipitation and alteration. 
Pseudoolites are forming by the addition of aragonite coatings 
around detrital grains. The aragonite is believed to be picked up by 
the grains as they roll on the lake bottom. Included within the aragonite 
coatings are mud impurities which appear to contain calcite and dolomite. 
so 
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Appendix A 
Sample Depth and Minera l ogy 
54 
Sec tors Dep th of Percentages 
and Sample samples 
depth divisions numbers (feet) Quartz Ar agoni t e Dolomi t e Calcite 
Sec t or Il l 80 4 34 47 2 17 
0- 50 feet 81 4 45 42 0 13 
78 12 49 44 0 11 
79 12 43 36 0 21 
77 40 41 32 7 20 
72 40 82 0 9 9 
89 50 65 18 5 12 
51-100 feet 86 60 47 29 5 19 
90 92 46 34 5 15 
88 100 17 69 2 12 
71 100 62 23 3 12 
101-154 feet 87 105 24 52 6 18 
91 122 44 36 3 17 
70 125 41 33 7 19 
67 125 11 81 0 8 
68 150 7 84 3 6 
69 154 11 78 2 9 
Sec tor 112 73 5 29 20 35 16 
0- 25 feet 82 11 37 33 0 30 
83 11 53 22 13 12 
84 10 16 60 3 21 
74 15 7 65 14 14 
61 20 15 46 34 5 
85 23 15 61 3 21 
75 25 20 48 14 18 
26-50 feet 62 30 17 69 6 8 
76 30 7 70 5 18 
63 50 14 68 7 11 
51-100 feet 64 65 5 78 1 16 
65 80 5 81 3 11 
66 100 15 66 0 19 
Sector /1 3 10 25 57 28 5 10 
0-100 fe et 11 35 20 67 0 13 
12 70 65 26 0 9 
55 
Sec t ors Depth of Percentag es 
and Sample samples 
depth divisions numbers (feet) Quartz Aragonite Dolomite Calcite 
Sector 1/3 13 110 89 0 l 9 
(continued) 60 110 5£ 14 3 31 
101- 175 feet 59 140 83 0 10 7 
14 160 63 £4 6 7 
93 160 45 35 2 18 
57 165 7 83 2 8 
15 170 16 71 3 10 
176- 213 fee t 58 180 14 79 0 7 
94 186 16 73 2 9 
40 200 13 74 0 13 
95 213 9 81 2 8 
Sec tor 114 48 6 18 29 29 24 
0- 50 feet 49 14 8 1 21 70 
22 15 40 0 16 44 
50 26 63 10 20 7 
21 35 36 18 29 17 
51 40 57 11 27 5 
51-100 feet 52A 64 41 21 24 4 
52B 64 82 6 8 4 
20 70 31 47 6 16 
53 80 JO 32 17 21 
19 100 6 76 0 16 
54 100 15 59 4 22 
101-1 70 feet 55 125 8 74 2 16 
18 130 42 53 0 5 
56 140 5 68 21 6 
17 160 10 81 6 
16 170 7 73 12 8 
Sec t or 11 5 1 15 68 14 0 ! 8 
23 30 78 0 0 22 
39 35 68 19 4 9 
24 75 90 0 3 7 
38 100 88 0 4 8 
101-150 fe e t 25 115 72 13 3 12 
2 135 56 29 6 9 
42 140 46 32 0 22 
26 150 64 19 11 6 
151-175 feet 27 160 17 69 3 11 
96 162 49 34 2 15 
3 165 10 67 4 19 
41 175 15 68 7 10 
4 175 28 59 0 13 
56 
Sectors Depth of Percentages 
and Sample samples 
depth divisions numbers (feet) Quartz Aragonite Dolomite Calcite 
Sector /16 97 6 76 18 2 4 
0- 50 feet 98 14 82 0 8 8 
9 15 73 15 5 7 
33 20 72 22 3 3 
47 20 47 38 8 7 
32 25 86 14 0 0 
46 50 68 16 6 10 
34 50 58 22 10 10 
51-100 feet 8 55 74 0 20 6 
31 65 75 3 16 6 
35 75 70 22 2 6 
45 75 56 17 6 21 
36 100 20 48 16 16 
44 100 34 48 9 9 
101-160 feet 7 105 46 32 13 9 
30 110 17 63 6 14 
6 125 9 78 11 
37 125 18 70 2 10 
43 125 26 55 11 8 
5 150 7 84 2 7 
29 150 ll 80 0 9 
28 160 12 80 2 6 
Calculations based on mineral total of 100 percent 
Appendix .!?_ 
Average Mine r alogy ~ Sample Depth 
in Each Section 
57 
58 
Depth Percentages 
Sector intervals Quartz Aragonite Dolomite Calcite 
Sector Il l 0- 50 51 31 3 15 
51-100 45 39 6 10 
101-154 23 61 4 12 
Sector 112 0- 25 24 44 15 17 
26- 50 13 69 6 12 
51-100 8 77 1 14 
Sector 113 0-100 45 42 2 11 
101- 175 51 32 4 13 
176- 213 J 3 77 9 
Sector 114 0- 50 37 10 27 26 
51- 100 33 37 16 14 
101- 170 13 70 8 8 
Sector 115 0- 100 78 7 2 13 
101- 150 60 23 5 12 
151- 175 24 59 3 14 
Sector 116 0- 50 70 17 6 
51-100 55 23 12 10 
101-160 18 68 5 9 
Ca l culat i ons based on mineral t otal of 100 percent 
Appendix .f 
Particle-Size Distribution 
59 
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Appendix ~ 
Crtlculati.on of Inn Ac tivities 
64 
65 
Ions Concentration (c) Charge 
Ca++ 4.26 - 4 2 X 10 _3 Mg++ 3.34 X 10_3 2 
Na+ 1. 22 X 10 1 
J.<+ 1. 54 X 10- 4 1 
- - 3 Cl 1. 49 X 10_4 1 
sot; 8. 12 X 10_4 2 
COc 3. 01 X 10 2 
3= 10- 3 HC03 5.78 X 1 
Ionic Strength: 
I l /2Lc · z~ i 1 1 
0 . 0282 / 2 
0. 0141 
Activity Coefficient: 
when z 
-logy 
logy 
when z 
- logy 
logy 
1• 
A;2/I 
co. 519 > C1l c/o. o141) 
0 . 0609 
9 . 9391-10 
0.87 
2 ' A~ 2rr 
(0.519)(4)( / 0.0141) 
- 0.244 
9.756 - 10 
0.57 
Ac tivity Product : Calci te & Aragonite 
(z) 2 z 
4 
4 
1 
1 
1 
4 
4 
1 
- -- - ++ -
Ionic Strength 
17 . 04 X 10-4 
13 . 36 X 10- 3 
1. 22 X 10-3 
1. 54 - 4 X 10 _3 1. 49 X 10_4 32,48 X 10_4 
12 . 04 X 10 _3 
5 . 78 X 10 
Ka = j_y ca++_/ j_y CO= _ / (Ca ) (CO}) 
3 
(0. 57) 2 (4. 26 X J.0 - 4) (3 . 01 X 10- 4) 
4.14 X J.0-8 
K
5
P(ca l cite ) 4 .5 x 10-9 4 . 14 x 10- 8 
4 . 5 x 10 9 9 times Ks p 
K5 p (aragonite) 6.0 x 10-9 4. 14 X 10- 8 
6 . 0 x 10_g 7 times K5 P 
(I . ) 
1 
Dolomite: 
- -- - - - -++ -++ 2 
Ka = l_yMg +:r_/ l_y Ca ~/ LY co; _/ (Mg ) (Ca ) (CO)) 
Ksp(Dolomite) 
(0 . 57) 3 (3 . 34 X 10-3)(4 . 26 X 10-4)(3 . 01 X 10- 4) 2 
2 . 39 X 10- l 4 
l0-15 (Holland eta~. 1964), l0- 17 - l0- 19 
- 14 
2 .39 x 10 = 23 times K at lowest 
1 x lo-15 sp 
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